Punishment, as defined by Azrin and Holz (1966) , is "a reduction of the future probability of a specific response as a result of the immediate delivery of a stimulus for that response" (p. 181). Among the factors that influence the effects of punishment on responding is the position within the behavior sequence that the punisher is delivered (Church, 1969; Gray, 1987; Bertsch, 1976; Solomon, 1964) .
One usual classification of responses in a behavior sequence is between instrumental and consummatory. Instrumental is the sequence of responses that enables the access to specific consequences (e.g., lever-pressing, asking for food, courting). Consummatory responses are responses to the consequence itself. Some examples of consummatory responses are chewing (in the case of food), licking or swallowing (for liquids), attacking, or copulating (Bertsch, 1976) .
As Solomon (1964) described, earlier behavioral studies have documented punishment of the consummatory responses to be more dramatic, in some cases resulting in near-death by self-starvation. Few studies have specifically investigated the assumption that punishing consummatory responses is more effective at suppressing behavior than punishing instrumental responses. The common procedure is to establish an operant behavior (e.g., a lever-press with food as the consequence), and then divide the subjects into two groups: one with punishment contingent on the instrumental responses (leverpress), and the other with punishment continThis article was accepted under the editorial term of Darlene Crone-Todd.
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The present study was partially financed by scholarship grants from CAPES (Coordenação de Aperfeiçoa-mento de Pessoal de Nível Superior) and FAPESPA (Fundação de Amparo à Pesquisa do Estado do Pará). We thank the undergraduate students, Airton Ícaro Cantuária Gonzaga, Aline Maués Ferreira de Figueiredo Seixas, Anna Bellisia Silva Rodrigues, Cárita Lorena Ramos Gurjão, Carlos Joaquim Barbosa da Rocha, Cris-gent on the consummatory responses (inserting head into the food magazine 1 or making physical contact with the food). In either case, the dependent variable is the suppression ratio of the operant behavior (i.e., the instrumental response or the lever-press in this case) compared with its rate during training. Studies using this procedure, however, are not in agreement. For instance, Church (1969) found greater suppression when punishing the instrumental response. On the other hand, Bertsch (1972) observed greater suppression when punishing the consummatory response. In contrast, Myer (1973) did not find any differential suppression.
As Rodriguez and Logan (1980) have pointed out, one of the major problems in studies such as those aforementioned is the lack of consensus on how to punish the consummatory response. In Church (1969) shock was administered when the rat inserted its head into the feeder (slightly before the contact with the pellet). In Bertsch (1972) and Myer (1973) the shock happened after the consummatory response was finished. Other technical differences prevent a direct comparison of these studies, such as the length of the response sequence or the intensity of the punishing stimulus (Bertsch, 1976) , as well as the type of deprivation imposed on the organism (e.g., water or food), the topography of the consummatory response (Walters & Herring, 1978) , the baseline schedule (Myer, 1973) , or the length of the punishment phase (Church, 1969) .
Despite the above reported limitations, some theoretical assumptions have been formulated to account for the differential suppression observed (Church, 1969; Gray, 1987; Solomon, 1964) . Of particular interest for the present study is the one proposed by Gray (1987) . Gray suggested that punishment of consummatory responses are more effective because of the temporal order of events. By punishing the instrumental response, the reinforcing consequence would be available after the contact with the punisher. It would enable the formation of a discriminative relation between the punisher and the availability of the reinforcer, potentially reducing the suppressive effects of the punishment. In other words, when the punisher is contingent on instrumental responses it becomes a predictor of the reinforcer. Although experimental results have not always agreed with his prediction (e.g., Church, 1969; Myer, 1973) , no study has addressed this specific theoretical assumption.
A recurring issue in punishment studies is on the generality of the principles established with the electric shock (the usual punisher). Several authors consider the systematic test of these principles with other stimuli as necessary (Barker et al., 2010; Carvalho Neto et al., 2005; Catania, 1998; Church, 1969; Dinsmoor, 1998; Lerman & Vorndran, 2002; Solomon, 1964) . One of the reasons for this endeavor is that the electric shock is known to produce a series of peculiar physiological reactions, particularly skeletal ones, which may interfere with the analysis of the observed effects (Catania, 1998; Flaherty, 1985) . The Hot Air Blast (HAB) is an alternative punishing stimulus that has been successfully researched in aversive contingencies (Carvalho Neto et al., 2005; Carvalho Neto, Maestri, & Menezes, 2007; Carvalho Neto, Neves Filho, Borges, & Tobias, 2007; Maestri, 2008; Nascimento, Monteiro, Gouveia Jr., & Carvalho Neto, 2012; Rodrigues, Nascimento, Cavalcante, & Carvalho Neto, 2008) with reduced effect in general motor activity (i.e., in Nascimento & Carvalho Neto, 2011, conditioned suppression was produced with minimal freezing responses).
The objectives of the present study were as follows: (a) to verify whether there is differential suppression when punishing instrumental or consummatory responses using the HAB as the punishing stimulus; (b) to test Gray's (1987) discriminative assumption; and (c) to expand the knowledge of the Hot Air Blast as a punishing stimulus.
Method Subjects
Subjects were 12 experimentally naïve, 3-month old, male Wistar (Rattus norvegicus) rats, provided by the Biological Sciences Institute of the Federal University of Pará. The rats were kept in groups of three with food freely available in their home cage. After a minimum of 30 minutes from the end of the session water was available for 10 minutes. The experiment occurred during the light phase of a 12-h light/ 12-h dark cycle. Care of the subjects was in accordance with the guidelines of both the APA Ethical Principles and the Brazilian College of Animal Experimentation (COBEA).
Apparatus
The experimental chambers consisted of two Skinner boxes (Mod. 3, Insight Equipment) adapted to HAB use (see Figure 1 ). Each chamber had one lever located on the right wall in the central position and one water dipper located below the lever. Water was delivered through a 20-cc cup attached to the end of a dipper-arm. The arm stayed in the upper position and, when activated, would go down to a water receptacle and return to its upper position with water in the cup. The ceiling of the cage was replaced by an iron grating to enable HAB flow, the floor grid was replaced by acrylic bars, and an acrylic sheet was glued on the top of the lever. These acrylic replacements were made to reduce the cumulative effect of the HAB concerning the chamber's temperature. On the top of the box, above the lever, a blow-dryer was positioned. A digital video camera was used to record the sessions. Because of problems with the footage equipment, videos of Subject 1 (from Group Ins) and of Subject 3 (from Group ConA) were lost, and thus some data from these subjects are missing in Table 1 .
The punishing stimulus was a HAB for five seconds produced by a common household blow-dryer (REVLON, model RV429AB). The blow-dryer was manually activated by the experimenter with an extension cord, at its maximum intensity. After being activated for five seconds it increased the chamber's temperature (about 24°C) by two degrees Celsius (in average), the air pressure of the blast was of 216.5 dyn/cm 2 , and the blow-dryer noise was about 85 dB.
Procedure
Before each session the rats were water deprived for 48 hours.
2 The experiment consisted of four 60-min sessions. During Session 1, water drops on the dipper served as consequence for the dipper training and for the shaping of the lever-press response through successive approximations. For Sessions 2 and 3 every leverpress produced a water drop (Fixed Ratio 1-FR1). In Session 4 an FR1 punishment schedule was superimposed on the reinforcement schedule (a conjoint FR1schedule of water reinforcement and an FR1 schedule of HAB punishment). The subjects were randomly allocated to three groups: Instrumental (Ins), Consummatory A (ConA), or Consummatory B (ConB). For Ins, punishment (5 seconds of HAB) was contingent on the lever-press. For ConA HAB was contingent on any contact response to the dipper (irrespective of being preceded by a lever-press). For ConB only the first contact with the dipper after a lever-press was punished, so for this group, if the rat started licking the cup after pressing the lever, stepped aside during the HAB, and returned to finish drinking, these next responses to the dipper were not punished, unless another lever-press had occurred in between. The dipper activation was automatic (ac-2 The long deprivation is justified by the high humidity levels of the city were the experiment was conducted (above 80% usually) and the reduced number of sessions of the experiment (animals were kept under this deprivation for no longer than a week). Lower levels of deprivation would produce a higher levels of suppression and result in a ceiling effect, which could compromise the comparisons needed. cording to the FR1 schedule) and the HAB was operated by the experimenter.
The recorded variables were the number of lever presses, the number the HABs, the interval between the offset of the HAB and the next response to the dipper (punishment-dipper response latency), and the description of general responses emitted (behavioral observation) during the HAB and in the 20 seconds after the HAB was turned off. Behavioral observations from the video were performed by a single trained observer and consisted of general descriptions of the rat's movements in relation to the dipper or toward the HAB. For the calculation of the punishment-dipper response latencies, as the number of exposures to the HAB varied across the subjects, the data was grouped into four blocks and for every block the mean latency was calculated for every subject and then again for the group.
Results and Discussion
From the upper portion of Table 1 the data illustrates a greater suppression of lever pressing in ConA, followed by Ins and ConB. A one-way ANOVA revealed a group effect for this variable (F 2,9 ϭ 9.84). A Tukey-Kramer post hoc test indicated significant differences between ConA versus Ins (p Ͻ .01), and ConA versus ConB (p Ͻ .05); this test resulted in no differences between Ins and ConB.
The lower portion of Table 1 shows a smaller incidence of responses to the dipper for ConA during the 20 seconds that followed the HAB offset compared with the other groups (0 -1 responses for ConA, 5-25 responses for ConB, and 17-21 responses for Ins). This is an index that contact to the dipper was more aversive for ConA subjects at least during the 20 seconds after the HAB was turned off. For a more accurate analysis of this observation, the latencies between the HAB offset and the next response to the dipper are displayed in Figure 2 .
The curves obtained for Ins and ConB (see Figure 2 ) are characteristic of a learning pro- Note. The percentage of suppression (%Sup.) was calculated considering the number of lever-press responses on the CRF2 session %Sup. ϭ 100 Ϫ LP͑Pun.͒ ϫ 100
LP͑CRF2͒
. LP ϭ Lever-Press Responses. 03, 33.34, 17.47, and 10.36; ConA ϭ 80.28, 214.98, 359.65, and 490.79; ConB ϭ 21.05, 31.45, 11.33, and 10.19. cess, oscillating during the first trials with a progressive and directional pattern on the subsequent ones (in general between the 6th and the 12th exposure to the HAB). The progressive reduction of the latencies observed in these groups agrees with what is expected of individuals learning discriminative relations (in the present case, between the offset of the HAB and the presence of the water). On the other hand, the increase in the latencies for ConA demonstrates that this effect was not present in this group, and that there was no habituation to the punishing stimulus along the session. One possible explanation for the observed in Figure 2 is that, for Ins and ConB, after the lever was pressed, the dipper-arm remained elevated, with water available in the cup, whether the rat had consumed the drop or not. Therefore, if the rat had not drunk everything during the HAB or before its onset, when the HAB was turned off, the water would still be available both for Ins and ConB. Conversely, for ConA, as a leverpress was not demanded, the dipper was usually empty when the HAB was activated so the alleged discriminative effects between the punishing stimulus offset (the HAB) and the availability of the reinforcing stimulus (water) were minimized (if not completely prevented) in this group. Therefore, for Ins and ConB the absence of HAB would be a predictor both for the presence of water and of a safety period for the consummatory response (Dinsmoor, 2001 ); these factors could have worked to reduce the effectiveness of the punishment (in comparison to ConA).
Aside from the possibility of discrimination above described, another factor that might have contributed to the higher suppression for ConA is that for this group there was a greater number of responses likely to be punished. Contrast any response to the dipper to only the first response to the dipper after a lever-press for ConB and a lever-press response for Ins. This discrepancy would make the punishment contingency more discriminable (and denser), increasing its efficacy and reducing the probability of the subject being on that side of the chamber (the smaller number of punishers delivered for this group, favors this analysis, see Table 1 central data) . Also, sometimes the behavioral sequence of pressing the lever and drinking water may start with exploratory responses to the dipper (sniffing and "searching for" water). In this case, the greater suppression would have been an effect of punishing the very first links of the behavioral sequence, preventing it from being completed (see Church, 1969 , for a similar analysis).
Considering that most of the times the dipper responses for ConA were not preceded by a lever-press and, therefore, occurred without water in the cup, this group might be better described as a control for the alleged discriminative effects previously described, than as an actual group to evaluate the effects of consummatory punishment. In this case, despite the evidences in favor of Gray's assumption, that punishing instrumental links of behavior would be less effective because of discriminative effects, the present study observed no differential suppression when the consummatory response was punished the traditional way (when occurring after the instrumental response as in ConB), replicating Myer (1973) . Instead of contradicting Gray, we argue that the discriminative effect can also occur when the consummatory response is punished (as seen in Figure 2 ) if the consequence is still available and seizing it doesn't produce further punishment (as in the case of the present study). Whether differential suppression will occur when this variable is controlled is a question for further research.
It might be argued that the responses punished in ConA and ConB were not actually consummatory because it was not the contact with the water itself that produced the HAB. However, responses to the dipper were directly related to drinking and, even if not the most precise, they were functionally distinct from the instrumental link of the behavior (producing water vs. contacting and drinking water). So, although less accurate, the responses punished in this study are suitable for a preliminary assessment.
Corroborating the data of previous experiments (Carvalho Neto et al., 2005; , the HAB was a suitable aversive stimulus for obtaining reliable levels of suppression of the operant responding, (suppression levels were above 71%, see Table 1 ). Air Blasts have already been used as punishers. Masserman (1946) used it directed to the face of cats and Spealman (1978) to the eyes of monkeys (in carefully selected pressures). The location on the body to which the blasts were used possibly accounted for the aversive aspects of this stimulus. The HAB however seems a more complex stimulus with a diffuse contact to the subject and deserves some additional comments about its properties.
The analysis of the videos showed the rats reacted to the HAB according to three patterns: (a) moving to the opposite side of the box and remaining there at least until the HAB was turned off; (b) staying exposed to the stimulus for a maximum of three seconds and then moving to the other side of the box; and (c) moving away from the area of the air blast at the onset of the HAB and returning to the dipper with about two seconds of the stimulus remaining. This "tolerance" of exposure to the HAB for a maximum of three seconds suggests that the aversiveness of this stimulus is progressive. This is in line with Rodrigues et al., (2008) who found temperature to be a determining variable of the HAB as a punishing stimulus. In their study the HAB was decomposed (i.e., sound; sound ϩ air blast; sound ϩ hot air blast) and used as a consequence for lever pressing. The sound, isolated, did not suppress the general response rates. A combination of sound and air blast produced suppression in one subject, but responses had completely recovered after four sessions of punishment. Only the combination of sound and hot air blast produced nearcomplete suppression lasting as long as the punishment contingency was in effect.
As a concluding remark, the present results (latencies presented in Figure 2 and number of dipper responses during the 20 seconds after the HAB's offset, showed in the lower part of Table  1 ) are experimental evidences of Gray's (1987) discriminative assumption, extending it to something that can also happen when consummatory responses are punished. This is an important step in the comprehension of the punishment process and of behavior itself. Solomon (1964) , for example, suggested that punishing a consummatory response could create a higher risk of causing serious damages to the subject because it would affect the motivation for the biological event (copulating, feeding, drinking, etc.) and not only in the context it was punished. In this perspective, consummatory and instrumental responses would not be merely different links in a behavioral chain but qualitatively distinct responses. The present data do not seem to support this hypothesis, although more thorough investigations are necessary in this matter as it was not the specific objective of the present study.
Further tests of the discriminative relation observed here can be important to help understand situations where the punishment contingency does not seem to be effective and calls the attention to a better control of these possible relations. New studies changing some variables are essential to test the generality of these findings and to further investigate the issue of efficacy when punishing instrumental versus consummatory responses. A briefer punisher (e.g., electric shock) would help assess the extension of the discriminative hypothesis in situations where the punishing stimulus is less salient. Another way to try to prevent the discriminative relations observed is using another drinking device, which restricts the liquid availability to only a few seconds after the response (such as dipper-arms with programmed positions, or lickometers). Finally, making the consummatory and the instrumental responses more isolated, by placing the dipper and the lever in opposite sides of the chamber, for instance, would be an interesting strategy to investigate whether they are functionally independent and whether they are affected by punishment in different ways.
